Early Tissue Effects of Stereotactic Body Radiation Therapy for Spinal Metastases.
Stereotactic body radiation therapy (SBRT) is a highly effective and potentially ablative treatment for complex spinal metastases. Recent data have suggested radiobiologic effects of SBRT that expand beyond the traditional concept of DNA damage. Antitumor immunity, vascular damage leading to tumor necrosis, and increased rates of tumor apoptosis have been implied; however, in-human evidence remains scarce. The present study reports unique pathologic confirmation of SBRT-induced biological effects within spinal metastases treated with preoperative SBRT. Ten patients with spinal metastases secondary to various solid tumors were treated with preoperative single-fraction SBRT (18 Gy) to the magnetic resonance imaging-defined macroscopic metastasis, followed by spinal stabilization within 24 hours. Perioperative samples of spinal metastases were obtained, and 6 patients also had a pre-SBRT biopsy specimen available for a matched comparison. The samples were stained for tumor necrosis on routine hematoxylin-eosin-stained slices and, subsequently, immunohistochemical staining for T cells (CD3+, CD4+, CD8+), natural killer cells (CD56+), endothelium (CD31+), and apoptotic activity (caspase-3). Perioperative biopsy specimens were obtained ∼6 hours (range 4.5-7.5) or 21 hours (range 18.5-22.5) after SBRT. Necrosis was observed in 83% of the 21-hour post-SBRT samples (5 of 6) compared with 0% of pre-SBRT biopsies (0 of 6) and 6-hour post-SBRT biopsies (0 of 4). Tumor cell apoptosis had increased greatly in the 21-hour post-SBRT samples compared with before and 6 hours after SBRT. The CD31+ vessel counts decreased after SBRT, as did mitotic activity. Both of the renal cell metastases displayed major decreases in vessel density. Desmoplastic reaction was visible in 67% (4 of 6) of the pre-SBRT samples compared with 100% (10 of 10) the post-SBRT samples. The T-cell and natural killer cell counts were relatively unaffected. High-dose single-fraction SBRT induced tumor necrosis, desmoplasia, and tumor apoptosis and decreased tumor vessel density within 24 hours, even in renal cell metastases. The role of immune cells seems limited in this early phase. These first-in-human results imply direct vascular and DNA damage mechanisms important in the clinical efficacy specific to spinal SBRT.